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CHARACTERISTICSOFA TWINSIDE-INLET

M3DELATWSONIC SPEEDS

By Howard.S. CarterandCharlesF. Merlet

SIJMMAm

Free-flightandfree-Jettestsof a twinside-inletconfiguration,
includinga pilot’scanopyanda wheel-wellfairing,weremadebetween
Machnumbersof 0.8 and1.55. Oscillatingflowwasencounteredthrough-
outtheMachnumberrange.Themaximummass-flowratioatwhichthis
oscillatingflowoccurredvariedfromapproximately0.63at a free-stream

. Machnudberof 0.80toabout0.81 at a free-streamMachnuniberof1.45.
Thetotal-dragcoefficientwasaffectedby theoscillatingflowasmuch
as*O.1OatMachnumbersgreaterthan1.1andas muchastO.09atWch

● numberslessthan0.9.

At supersonicspeeds,theminimumexternal-dragcoefficientoccurring
at mass-flowratiosof 0.8and0.9 wasabout0.35,a valueconsiderably
higherthanthatobtainedwitha bodyof revolutionofthesamefine-
nessratio.ThroughouttheMachnumberrange,theincreaseinexternal-
dragcoefficientwithdecreasingmass-flowratiodidnotexceed0.01
intheregionof steadyflow.

Themaximumtotal-pressurerecoveryvariedfrom0.92at a Machnum-
berof 0.8to 0.77at a Machnunberof 1.45. Thislattervalueisabout
18percentlessthanthefree-streamnormal-shockrecovery.Twoalter-
natenoseshapes,testedonlyat a Nhchnuniberof 1.55,yieldedlower
pressurerecoverythantheoriginalnose. Total-pressuresurveysmade
at theinletat a I&chnumiberof 1.55indicatedthepresenceof a thick
boundary~yer and,in somecases,separatedflowat theinletforall
threenoseshapesat allmass-flowratiostested. .

INTRODUCTION
.

Theuseofa sideinletoffersat leasttwoimportantadvantagesto
theaircraftdesigner:theinletcanbe locatedcloserto theengine,9
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therebyreducingthevolumeneededforinternalducting;andthenoseis
leftavailableforotheruses,suchas radarorarmamentinstallations.

s

Balancedagainsttheseadvantagesistheimportantproblemof theeffect
of theboundarylayerontheperformanceof theinlet.Thisproblem
becomesespeciallycriticalat transonicandsupersonicspeeds,when

*

boundary-layershockinteractionmayaffectthebehavioroftheboundary
layer.Theseverityoftheseeffect’slargelydeterminesthefinalmerit
ofa particularside-inletconfiguration.

“-Here&arepresentedtheresultsof a pressure-recovery”a~ddrag ‘- “-
investigationofa side-inletconfigurationwhichencounteredthis
boundary-layerproblem.Theparticularconfiguration.testedwasdesigned
foruseon a transonicfighter-typeaircraft.Twinsideinletswere
formedfromanannularinletby addinga pilot’scan~yanda wheel-well
fairing.Theresultinginletsenclosedaboutone-halfof theforebody
circumferenceandhadan inletareaequalto 1>percentofthemaximum
bodyfrontalarea. Noprovisionwasmadeforbounda~--layerremoval.

A rocket-propelledfree-flightmodelwasusedtoobtainthedragand
pressure-recoverycharacteristicsofthepresentside-inletconfiguration
throughthetransonicMachnumberrange.Becausethenumberof channels
oftelemeteringavailablefora flighttest-waslimited,supplemen&-
preflighttestsoftheflightmodelwereconductedto aidinthereduc- ● -
tionof theflight-testdata. Thetestingtechnique,includingtheuse
of supplementarypreflighttests,wasthesameas thatreportedin
reference1 andismorefullyexpkinedtherein. ●

Alsoincludedinthepreflighttestswasan investigationto determine
theeffectoftwoalternatenoseshapesonfietotal-pressurerecoveryof
theconfiguration.Thispaperpresentsthe.resultsobtainedfromthe
flightandpreflighttqsts. —— .- —

SYMBOLS

A

Di

%

F

cross-sectionalarea,sqft

DT -Di
external-dragcoefficient,— —

qs

( )(internaldrag,m V. - Ve + PO - pe)Aejlb

totaldrag,lb

force,lb
—.

.-
.

—
.
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. H

L
.

m

‘o

M

totalpressure,lb/sqft

totallengthofmodel,ft

massflowthroughthemodel

massflowthrougha free-streamtubeof thesameareaas
theinlet,12.6sqin.

lkchnuziber

staticpressure,lb/sqft

-c pressure,lb/sqft

Reynoldsnuniberperfoot

bodymaximumfrontalarea,sqft

v velocity of the

w distanceacrossA (seefig.3)

3

flow,ft/sec

theinletmeasuredfrom.lipinnerwall,in.

w depth3

x model

Subscripts:

e

1

n

o

t

x

Y

.

.

of inlet ata rake,in.(seefig.3)

station(seetableI)

nmdelexit

inletmintium-areastation

nosetip

freestream

throatstation

longitudinal

transverse
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A photographofthemodelispresentedinfigure1,anda drawing
isshowninfigure2. NoseA, indicatedinfigure2,wasusedforthe

●

flighttest,whereasnosesA, B, andC weretestedinthepreflightJet.
NoseA hada finenessratioof 3.1andapproximatelya parabolicprofile.
NoseB hada largerapexangleandwasshorterwitha finenessratioof
about2.3. NoseC!wasbluntandhada finenessratioofabout2.3. All
threenoseswerebodiesofrevolutionandwereidenticalfromthebegin-
ningofthepilot’scanopyto theinlet(station12.64to station21.02,
respectively). ThecoordinatesaregivenintableI. Thecoordinatesof
thepilot’scanopyandthewheel-wellfairingaregivenintable11. The
cross-sectionalshapeofthebodyjustrearwardoftheinlets,exclusive
of thepilot’scanopy,wasformedby joiningtwosemiellipticalsections,
fairhgintoa circularexit.Thecoordinatesofthebodyaregivenin
table111.

Thetwoinlets,located21.5inchesfromthetipofnoseA, hada
totalinletareaof12.6squareinches,measuredona planeperpendicular

—

tothemodelcenterlineanddefinedby theleadingedgeofthelipsand
thecenterbody.Noprovisionwasmde toremovethe-boundarylayer.The
roundedlipsproducedan inletminimum-areastationabout0.2inch
downstreamof theinlet,witha contractionratioof–O.92,basedon total

.

inletarea.Figure3 showsa cross-sectionalviewof themodelat the
inletminimum-areastation,andtableIVpresentsthelipcoordinates. w

Downstreamof theinletminimum-areastation,a subsonicdiffuser
of4.9to 1 arearatiowasused. Thelargearearatiowasselected{o
facilitateflightmeasurementsby providinga uniformtotal-pressure
profileat thethroat.Thediffuserwasdesi~edaccordingtothe
criterionofreference2. Thiscriterionstatesthatthetotal-pressure
lossesofan annulardiffuserareequalto thetotal-pressurelossesof
a conicaldiffuserhavingthesamerateof changeof-diffusersurface
areawithcross-sectionalarea. Variationof surfaceareawithcross-
sectionalareaalongthediffuserispresentedinfigure4. Aftera
h-inchsectionofarearatioof 1.1to 1,therateof changeof diffuser
surfaceareaW.thcross-sectionalareawas21.4,whichisthesamevalue
as thatfora 5.3°totalangleconicaldiffuser.Theequivalentconical
diffuser(thatis,thatconicaldiffuserthatwouldgivethesamearea
ratioforthessmelength(4.9to 1 in29.8in.)wouldhavea totalcone.—
angleof 6.4°.

Transitionwasmadefromthecirculardiffusers“ectiontoa rec-
tangularthroatwithanarea1.06timestheinletarea(fig.5). A duct
splitterinstalledalongthediffuserandpastthethoat stationkept
theflowinthetwoductsseparate.Behindthethroatstation,thetwo

.
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ductswerejoinedina regionofhighvelocityinorderto reducethe
tendencytowardtwin-ductinstability,as suggestedinreference3.

Theairflowwasregulatedbyfourshuttersinstalleddownstream
of thesplitter.Theshutterswererotatedduringthetestsby an
electricmotor.Downstreamof theshutters,theductmadea transition
to a roundareaof 1.6timesthetotalinletareaandwascylindrical
to theexit.

Thenose,innerbody,inletlips,ductsplitter,andau internal
ductingweremadeofmagnesium.Thecanopy,wheelwell,andallof the
modelexteriorbackof theinletlipswereude ofmahogany.Themodel
wasstabilizedby four600half-deltafinsofNACA6xo04 airfoilsec-
tion. Thetotalexposedfinareawas3.7squarefeet.

INSTWMENTATIONAMDTESTS

FlightTests

A pressuretubeinstalledinthenosemeasuredpitot-stagnation
pressure.Totalpressureat thethroatstationwasmeasuredby twomani-
foldedtotal-pressuretubes,locatedoneon eachsideofthesplitterin
thecenterof theduct(fig.2). Thethroattotalpressurewasreferenced
tothepitotstagnationpressureat thetipof thenose. Fourwall-type
staticorifices,twoineachduct(fig.5),weremanifoldedtogetherto
measurean averagestaticpressureat thethroat.Thethroatstaticpres-
sureswerereferencedto thethroattotalpressure.Staticpressureat
theexitwasmeasuredwithfourmanifoldedwall-typestatic-pressure
orificeseqyallyspacedcircumferentiallyaroundtheinnerwallabut
1 inchfromtheafterendofthemodel.Sideforcewasmeasuredwitha
transverseaccelerometerlocatedwithinthecanopyabout4 inchesrear-
wardof theinletstation,andtotaldragwasmeasuredwitha longitudinal
accelerometerlocatedwithinthecenterbodyat theinletstation.A six-
channeltelemetertransmittedallof thedatato groundreceivingstations
wherecontinuoustimehistorieswererecordedonan oscillograph.

VelocitydeterminedfromCWDopplerradarwascorrectedforwinds,
as determinedfromradarobservationsof theradiosondeballoonreleased
immediatelyaftertheflighttest.Anibientairconditionsweredetermined
fromradiosondeobservations.Altitudewascomputedfromtheflightpath
determinedby an NACAmodifiedSCR584trackingradar.

Themodelwaslaunchedat 600elevationangleandacceleratedto
maxhm.unspeedby a Deaconboosterrocket.Afterburnoutoftherocket
motor,dragseparationoftheboosterfromtheudel occurred.Alldata
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wereobtainedduringtheensuingperiodof coastingflight,whilethe
modeldeceleratedto subsonicspeeds.

d
Theair-flowregulationshutters

turnedcontinuouslyduringtheflight,takingapproximately0.4 second
tovarytheairflowfrommaximumtominimum.TheReynoldsnumberper
footfortheflighttestisshowninfiWe..6as a functionofMach

.

number.Thetestwasmadeat theLangleyPilotlessAircraftResearch
StationatWallopsIsland,Va.

—

PreflightTests

GroundtestsweremadeinthepreflightJet
AircraftResearchStationatWallopsIsland,Va.
square,Machnumber1.55 nozzlewasused. Tests

oftheLangleyPilotless
(ref.4). A 27-inch-
werenotconductedat

a-lowersupersonicMach-numberbecauseat M < 1.55 shockreflections
fromthejetboundarieswouldintersectthemodelaheadoftheinlets.
Eachtestwasbegunwiththeair-flowregulationshuttersinposition
to givemaximumflow.Thetestwascontinueduntiltheshuttershad
rotated$@ to giveminimumflow,a periodofapproxi~tely13seconds.
Previoustestshadshownthisrotationspeedtobe slowenoughtoyield
steady-stateresults.

Totalpressureat theright-inletminimum-areastationwasmeasured .

withtwelve0.09-5.nch-outside-dismetertotal-pressuretubesflattenedat
—

theforwardend(fig.3). Theywerearrangedinthreerakesof four
tubeseach.Staticpressurewasmeasuredatthesamestationwithan

<

hnerbodywallorifice.Twototal-pressuretubesandonestatic-pressure
orifice,locatedatthessmestation(fig.3),wereusedintheleft-
inletduct.

Twenty0.09-inchoutside-diametertotal-pressuretubeswereinstalled
intheleftductatthethroatstition(fig.5). Staticpress~eat the .
samestationwasmeasuredineachductby twowallorificesmanifolded
together.Inaddition,theleftducthadtwostatic-pressureprobes
locatedontherakes. —

Thefree-jettotalpressure,staticpressureat free-jetnozzle
exit,andstagnationpressureat thetipof eachnosewerealsomeasured.
X%essureswererecordedby mechanicalopticalpressurerecordersand
electricalpressurerecordersofthestrain-gagetype. Timehistories
wereobtainedon film. Shadowgraphsweretakenofalltests.

A subsonictestat ~ % 0.7 wasalsomadewiththesupersonic
nozzle.ThisWch numberwasobtainedby decreasingthereservoirtotal
pressureuntilthenormalshockmovedinsidethenozzleandupstreamof
themodel.A static-pressuresurveyalongthenozzledeterminedthe

._

positionofthenormalshock.Thepressuremeasuredlythetubelocated
at thenosetipofthedel wasusedas free-streamsmtion Pressure. ,

I

I
I
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Themodelwasat 0°angleofattackandyawthroughoutallground
tests.TheReynoldsnumibersforthesetestsarealso

METHODOFANKLYSIS

Thetelemeterrecordsobtainedduringtheflight
osciUating.flow.oc.curre.dovera considerablepQr.tion

shownin figure6.

testindicatedthat
of.themass-flow .

rangetested.Somesamplesofthetelemeterrecordareshowninfigure7.
Theuseofmanifoldedtubeshavingdifferentlengthsof ttiingbetween
themeasuringpointandtheinstrumentprecludedthepossibilityof
determiningtheactualamplitudeorphaserelationshipsofthevarious
measuredpressures.

Theaccelerometers,hdwever,indicatedtheactualamplitudeof
forcesencountered(figs.7(c)and(d)).Themeasuredamplitudeswere
correctedby multiplyingby theamplitudefactorsfortheinstruments
andtherecorderused. TIEsmplitudefactorsfora 6&cycleoscillation
were1.13and1.06forthelongitudinalandtransverseaccelerometers,
respectively,whilethatof therecorderwas0.975.Thesquarewave
pulsewasimposedon thenosestagnation-pressurechannel.~ to indi-
catethepointofminimumflowrate.

Intheregionof oscillatingflow,curveswerefairedapproximately
throughthemidpointoftheoscillatingtraces,as showninfigure7.
Theseaverages,insteadof instantaneousvalues,werereadandthen
reducedinthesamemmner as thenonoscillatingflowdata. Data
obtainedunderosci~tingflowconditionsarepresentedasdashed
curvesonallfigures.

Externaldragisdefinedhereinas thesmmationofthedragwise
componentsofaKithepressureandviscousforcesontheexternalbody
surfaceandtheenteringstresmtubesurface,exceptthoseforceswhich
axecommontobothsurfaces.Theexternaldragwasobtainedbysub-
tractingtheinternaldragfromthetotaldragdeterminedfromthe
longitudinalaccelerometer.Themethodusedin computinginternaldrag
fromthemeasuredpressuresisexplainedinreference1. Themaximum
valueof internal-dragcoefficientwasapproximately0.09andoccurred
at maximummass-flowratio.Mass-flowratioandtotal-pressurerecovery
werecomputedfromthetotal-andstatic-pressuremeasurementsmadeat
thethroatstation.

Becauseoftherelativelyhighrotationspeedoftheshuttersduring
theflighttest,transienttermscausedbythetimerateof chsmgeof
velocitywithintheductappearedinthemeasureddata.At MSXiMLUIIMaSS
flows,however,thetimerateof changewaszero,anditwassmallfor
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massflowsnearminimum.At intermediatemassflows,thetransientterms
werea maximum.Themagnitudeofthesetermsdidnotexceedtheexperi.
mentalaccuracy.Themethodusedtoreducethesetransienttermsto
negligiblequantitiestoobtainequivalentsteady-stateconditionsis
discussedinreference1.

Inthepreflighttestsat ~ = 1.55,chokingat thesupportsof
thethroatrakeslimitedthemaximummass-flowratioattainableto a
valueof 0.79,andapproximately60-cYcleoscillationswereexperienced
throughoutthemass-flowrangetestedforallthreenoseshapes.The
instrumentationsetupprecludedaccuratedetermination~f instantaneous
valuesor actualsmplitude.Therefore,theaveragevalueofpressure
wasusedforalltubes.Thetotal-pressureprofileatthethroatsta-
tion,obtainedfromtheseaveragevalues,wasessentiallyuniform,sad
an arithmeticmeanofthe20-tubereadingswastakenas theaverage
totalpressureHt. Thethreestatic-pressuremeasurementsintheleft
ductagreedwithin2 percentandthearithmeticmeanwasusedas the
throatstaticpressurept. Mass-flowratioandtotal-pressurerecovery
werethenobtainedfromtheaveragevaluesof ~ and pt.

RESULTSANDDISCUSSION

Inthefollowingdiscussion,theresultsof thepreflightandflight
testsarepresentedtogetherastheyapplyto thetopicbeingdiscussed.
Sincetheflightrecordsindicatedanoscillatingflowoverthemajor
portionofthemass-flowrangetestedat allMachnumbers,theeffects
ofthisoscillatingflowarediscussedfirst.Thenthevaluesof
external-dragcoefficientandpressurerecoveryarepresentedforboth
thesteadyandoscillatingflowcases.Ingeneral,theresultsofthe
preflighttestsareusedto supportconclusionsreachedon thebasis
offlight-testdata.

EffectsofOscillatingFlow

Figure7 presentsportionsoftheflighttelemeterrecordsshowing
pressureandforceoscillationsat supersonicandsubsonicMachnumbers.
Eachportionoftherecordscoversa periodoftimeslightlylongerthan
themass-flowcycle.Theapproximatelysteadytracesat eachendofthe
recordsrepresentsteadyflowat highmass-flowratios.whereasthe

.

—

oscillatifitracestowa%ithecenteroftherecords
flowatreducedmass-flowratios.Thefrequencyof
vsriedfromabout62cyclespersecondat ~ = 1.4
secondat ~ = 0.8. Figure7(a)showsthatstrong

-—

re~resentoscillating
theoscillations
to ~3 cyclesper

.

pressureosculations
.
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existedat supersonicspeeds,andfigure7(b)showsthatbothstrong
andweakoscillationsoccurredat subsonicspeeds.Figures7(c)and7(d)
showthecorrespondingforceosci~ationsat supersonicandsubsonic
speeds,respectively.Figure8 showstheregionsofoscillatingflow
asa functionofMachnumberandmass-flowratio.

Thelongitudinalaccelerometerdataindicatedthatthestrongoscil-
lationshadanamplitudethatamountedto an incrementintotal-drag
coefficientofaboutAO.1O.Thetransverseaccelerometerdatashowed
thatthemeanangleofyawvaried,notexceedingan angleofapproxi-
matelyO.*. Superimposedonthismeanangle-of-yawvariationwerethe
6&cycleoscillationsinsideforce.Thesehigh-speedoscillationshad
a maximumforceamplitudecorrespondingto anangleofyawofkO.l”.
Theanglesofyawwerecomputedby determiningtheangleof yawnec-
essaryforthefinstoproducea sideforceequaltothatmeasuredby
thetransverseaccelerometer.

Thepreflight-jettestsat ~ = 1.55 indicatedthattheoscilla-
tionswerea resultofunsteadyflowaheadof theinlet.Shadowgraph
picturesshowedthattheflowpatternrangedfromthatwitha strong
shockjustaheadof theinletlipsto separatedflowat theinletwith

. thepointof separationon thenose,occurringasmuchas seveninlet
heightsupstreamof theinlet.Reference5 reportsa similarphenomenon
occurringon a sharp-lippedannularinlethavingan innerbodywitha

* finenessratioof 2.5overa Machnuniberrangeof1.36to 2.01. It is
reasonedinreference5 thatseparationwascausedby theadversepres-
suregradientwhichoccurredintheregionof theinletasmassflow
wasreduced.Separationeliminatedtheadversepressuregradient,
allowingtheflowtoreattach,andthecyclewasrepeated.It isfelt
thatthestrongosci~ationsoccurringat supersonicspeedsduringthese
testsweretheresultofa similarphenomenon.Furthermore,sincesome
stableflowwasobtained,it canbe reasonedthattheprincipaleffect
ofthecanopyandwheel-wellfairingwasto altertherangeof stability.

At subsonicspeeds,thereappearedtobe twotypesofoscillations-
weakandstrong.Theweakoscillationsappearedas smalldisturbances
ontheductpressuresandonthetransverseaccelerometer(fig.7).
Theseoscillationscouldhavebeena resultoftwin-ductinstability.
As discussedinreference3,thepointofpeakstatic-pressurerecovery
isthepointatwhichtwin-ductinstabilitymaybegin.Plottingthe
static-pressurerecoveryat thethroatas a functionofmass-flowratio
forthestableflowrangeindicatedthatthepeakstatic-pressurerecovery
apparentlyoccurredat m/~ z 0.6. Thismass-flowratioagreesquite
wellwiththemeasuredvalueofmass-flowratioatwhichinstability.
began(fig.8).
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At M <0.9, thestrongflowoscill.atims
m/~ x 0.4 produceda ~ % tO.09 anda y“aw
*0.30.Again,theseoscillationsmightresult

NACARML53E0’j

(fig.8)occurringbelow
amplitudenotexceeding
fromseparationonthe

noseat reducedmassflows,as indicatedinreference6 foremannular
inletwithNACA1-80-100inletlipsanda centerbodyoffinenessratio3.0.

.

*

E%ernal-DragCoefficient

Theexternal-dragcoefficientasa functionofBkchnunberispre-
sentedforseveralmass-flowratiosinfigure9. Becauseof theslow
shutterspeedrelativeto therateof decelerationof=themodel,only
onedragpointat eachmass-flowratiowasobtainedonthesteepportion
of thedragrise. Thecurveswerefairedinthisregionby assumingthe
slopetobe independentofmass-flowratio,_andthes~llawestslope
consistentwiththedatapointsat eitherendofthesteepportionof
thecurvewasused. Thusthevaluesof external-dragcoefficientshown
betweenMachnumbersof0.94to 1.03arelargelydependentonthemanner
of fairingused.Alsoshownisthetotaldragcoefficientminusbase-
dragcoefficient,correctedforwindeffects,fortheparabolicbodyof
revolutionofreference1.

Thedragcoefficientsatmass-flowratiosof 0.8and0.9were .

essentiallythessmethroughouttheWch numberrange(fig.9). The
dragcoefficientatthesemass-flowratiosyariedfroqa~proximately0.12
at%= 0.8 toa nearlyconstantvalueofabout0.35at M >1.05.

*

Thedragcoefficientof0..35at supersonicspeedsisquitehighin com-
parisonwiththedragofthebodyof revolutionfromreference1.

Thereasonforthishighdragrisecanbe indica~edbyconsidering
theaxialdistributionof cross-sectionalareanormaltotheairstream.
Reference~ showsthatthezero-liftdragriseofa bdy isprharily
dependenton thisaxialareadistribution.Figure10yresentsa dimen-
sionlessplotof cross-sectionalareaasa functionof.bodylengthfor
boththepresentmodelandtheparabolicbodyofrevolutionreportedin
reference1. Thefinareawhichwasidenticalforbothmodelshasbeen
neglected.Thecanopyandwheel-we12.fairingoftheEresentmodelbegfi
at X/L= 0.155.Theinletstationis X/L= 0.27.Althoughtheeffect
oftheverticalriseintheareacurvecausedby theInletsisnotknown
atpresent,itwouldbe expectedtobe smallatmaximumflowrates. .—

Thepresenceofthecanopyandwheel-wellfairingon theforebody
steepenstheslopeoftheareacurveaheadoftheinletstationas com-
paredto theparabolicbody. Therelativebluntnessoftheinletlips
~ontributest: theinitial-rapidincreaseinareajust
whilethecanopycausesa moreforwardlocationofthe
tion,followedby a relativesharpdecreaseinareato

behindthe~ets, .
maximumareasta-
X/L= 0.42.As
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indicatedinreference7, thesesteeperslopesresulth increasing
transonicdraariseof thepresentmodeloverthatof theparabolic

11

the
body.

&e dataofr~ference8 indicatethatthereductioninnosefinenessratio
causedby themoreforwar~locationof themaximumareastationof the
inletmodelwouldresultinappreciablyhighersupersonicdragforthe
inletmodelthanfortheparabolicbody. Therefore,theregionbetween
X/L= 0.25 and X/L= 0.42 (exclusiveof theinletareaitself)would
be expectedtobe especiallycostlyin increasingthedragrisesincethe
correspondingregionof theparabolicbodycontributesverylittleto the
forebodypressuredragat transonicspeeds.

Thevariationof external-dragcoefficientwithmass-flowratiosis
showninfigure11 forseveral&ch numbers.ThroughouttheMachnuniber
%e~ theeffectof de~eas@ themass-flowratiowassmalluntil
oscillatingflowwasencountered.As themass-flowratiowasfurther
decreased,thedragbeganto risemoreabruptly.Inthesteady-flow
region,however,thepenaltyindragforspillagewassmall.

Total-PressureRecovery

Total-pressurerecoveryafterdiffusionas a functionofMachnum-.
berispresentedinfigure12 forseveralmass-flowratios.At subsonic
speeds,maximumrecoverywasobtainedat m/~ = 0.8, whereasabove

&
% = 1.2 themaximumrecoverywasobtainedat 111/~= 0.9. At ~ =0.8
themximumrecoverywas0.92,anditdecreasedwithticreasingMachmm-
beruntil,at ~ = 1.45,itwas0.77,about18percentlessthanfree-
streamnormal-shockrecovery.Therecoveriespresentedhereinareabout
3 percentlowerthanrecoveriesmeasuredin flighttestsofan airplane
employingthisinletconfigurationbutwithdifferentinternalgeometry.
Theairplanewastestedup to a Machnuniberof 1.0formass-flowratios
betweenO.6~and0.85(ref.9).

Thetotal-pressurerecoveryafterdiffusionisplottedinfigure13
againstmass-flowratioforseveralMachnumbersas determinedfromthe
flighttestusingnoseA. Alsoshownarethedataobtainedfromthe
preflighttestsat ~ . 1.55 forthethreenoseshapestested.(See
tableI.) Chokingat thethroatrakesupportslimitedthemaximummass-
flowratioobtainedinthepreflightteststo a lowervaluethanwas
obtainedinflight.At ~ = 1.55 andforthemass-flowrangeof the
preflighttests,oscillatingflowwasobtainedwithallthreenoseshapes.

Thetotal-pressurerecoveryobtainedwithnoseA duringthepreflight
. testsagreedfa-%rablywith

Thetotal-pressurerecovery
thantherecoverywithnose
lessthantherecoverywith

the-total-pressurerecoverymeasured-hfli~t.
obtainedwithnoseB was0.09to 0.11less
A. TherecoverywithnoseC!was0.03to 0.06
n~
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Figure14presentsthetotal-pressureprofilesmeasuredat the
right-inletminimum-areastationduringpreflighttests.Profilesare
presentedfornoseA forthreemass-flowratiosat ~ = 1.55 andfor
onemass-flowratioat ~ X 0.7. Similartotal-pressureprofileswere
obtainedwithnosesB andC. Theflaggedsymbolsshowthetwototal
pressuresmeasuredintheleftinlet.Thestaticpressuresobtained
ineachinletareshownashorizontallines.Themass-flowratiosand
total-pressurerecoveriesafterdiffusionweredeterminedfromthroat
measurementsintheleftductandareshownforreferenceinfigure14.

.

Theprofileshapesshowthata thickboundarylayerand,insome
cases,separatedflow,enteredtheinletat ~ = 1.55. Ingeneral,the
totalpressureattheinletdecreasedwithdecreasingmassflow. It
appearsthata largepercentageofthelossesmeasuredafterdiffusion
occurredpriorto theinletas indicatedinfigure14. Thetwototal-
pressuremeasurementsintheleftinletshowedfairagreementwiththe
correspondingtubesintherightinlet,andthestatic-pressures
obtainedinthetwoinletswereingoodagreement.

Theinlettotal-pressureprofilespresentedat theextremeright
of figure14wereobtainedduringa preflighttestat ~ 2 0.7. Steady
flowwasobtainedandthethreerakesgavealmostidenticalprofiles.

,

Therecoveryattheinletwasabout0.97,whereastherecoveryafterdif-
.—

fusionwas0.94. It canbe concludedthenthat,at subsonicspeedsat
thehigherflowrates,theflowat theinletwasreasonablyuniformand

4

thediffuserlossesweresnmll.Thediffuserlossesforthesteady
flowregionwouldbe expectedtobe”ofthisorderofmagnitude. —.

Themaxhmmtotal-pressurerecoveryafterdiffusionobtainedwith
thetwinsideinletofthepresenttestsis comparedwithseveralannular
andsomewhatsimilarscoopinletsinfigure15. Datafromreference5
arepresentedfortwoannularinletswithogivalinnerbodies,5 and
2.5diameterslong,respectively.Dataofreference6 arepresented
fora twinsideinletwitha 19°conicalinnerbody3 diameterslong.
Alsoshownaredataforan annularinletwitha 15°ramp(ref.10)and
twotwin-scoopinletsenclosing61.5percentofthemaximumforebody
circumference(ref.11),allhavingforebodies7 diameterslong. (The. .
presentinletenclosedapproximately52percentoftheforebodycir-
cumference.)Allofthedatapresentedarefortestsmadewithout
boundary-layerremoval.

Thedataof reference6 showthata s~ght improvementinrecovery
canbe achievedinthelowerMachnumberrangeby usinga conicalinner-
bodyinsteadof a curvedprofile.At thehigherkch numbers,however,
thedataof references5,10,and11 indicatethepoorrecoveryobtained

.

duringthepresenttestsas comparedto therecoveryofa noseinlet
.
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wastypicalofthistypeof inletwithoutboundary-layercontrol.Fur-
●

thermore,allinletsweresubjectto flOW~stabilltyovera tiderange
ofmass-flowratios(ingeneral,formass-flowratioslessthan0.7).

Ingeneral,thesedataindicatethat,to obtainhighrecoveriesat
Machnumbersinexcessof 1.0withannular-t~einletshavinginner-
bodies3 diameterslongor longer,someprovisionforboundary-layer
removalmustbe provided.Withoutsucha provision,thisinlettype
isinherentlysubJecttopoorrecoveryandinstability.

CONCLUSIONS

Resultsof flightandpreflighttestsofa twinside-inletmdel
includinga pilot’scanopyandwheel-wellfairtigindicatedthefollowing:

1. OscillatingflowwasencounteredthroughouttheMachnumberrange.
Themaximummss-flowratioatwhichthisoscillatingflowoccurred
variedfromapproximately0.63ata free-streamMachnuniberof 0.80to
about0.81at a free-streamMachnumberof 1.45.

. 2.Theamplitudeoftheoscillationsamountedtoan incrementin
thetotal-dragcoefficientof+0.10atMachnumbers~eaterthan1.1and
asmuchasAO.09atMachnumberslessthan0.9.

●

3. At supersonicspeeds,theminimumexternal-dragcoefficientwas
about0.35,a valueconsiderablyhigherthanthatobtainedwitha body
of revolutionofthesamefinenessratio.

4. ThroughouttheMachnumberrangetheincreaseinexternal-drag
coefficientwithdecreasing=s$-flowratiodidnotexceed0.01inthe
regionof steadyflow.

5.Themaximumtotal-pressurerecoveryvariedfrom0.92at a free-
streamMachnunberof 0.8to 0.77at a free-streamMachnumberof 1.45,
thelattervaluebeing18percentlessthannormal-shockrecovery.

6. Twoshorternoseshapestestedata free-stresmMachnumber
of 1.55yieldedlowertotal-pressurerecoveriesthanwereobtainedwith
theoriginalnose.

.
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(7) Inlet to~abressuresurveysmadeat a free-streamMachnumber J
of 1.75indicatedthepresenceof a thickboundarylayerand,in some
cases,separatedflow,attheinletat allmassflowstested,forall
threenoseshapes. ,

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Vs., April24,1953. .—

AA...A.uJM.~
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